I. INTRODUCTION
Since the discovery of J/Ψ, many charmonium and charmonium-like states have been observed [1] . In these states, most of them are confirmed as cc charmonium states, some of them do not fit the predicted features of cc charmonium. Especially, in the past few years, some neutral "X, Y" and charged"Z" resonances which cannot be simply accommodated in the cc picture have been observed and explored [1] . How to understand and identify these resonances is a big challenge.
Several years ago, the Bell Collaboration observed a significant enhancement with mass M = 4008 ± 40
MeV and width Γ = 226 ± 44 ± 87 MeV when measuring the cross section for e + e − → π + π − J/ψ [2] . From its production, Y (4008) has J P C = 1 −− . There is a large uncertainty on the measured mass. Y (4008) was not confirmed by the BaBar Collaboration [3] .
Based on some analyses, the ψ(3 3 S 1 ) and D ⋆D⋆ molecular state possibility of Y (4008) is studied in Ref. [4] . Through the calculated mass with the heavy quarkantiquark potential, Y (4008) is suggested the ψ(3 3 S 1 ) [5] . In a one boson exchange model [6] , the study does not support the interpretation of Y (4008) as a D * D * molecule. In order to identify Y (4008), it is interesting to study its strong decays in detail.
In fact, there is a ψ(4040) which is commonly believed the 7, 8] . ψ(4040) has mass and width M = 4039 ± 1 MeV, Γ = 80 ± 10 MeV.
(
The measured mass and total width of ψ(4040) is consistent with theoretical predictions [7, 8] . Now the fact is that there are two states ψ(4040) and Y (4008), which are close to the threshold of D * D * . Furthermore, these two states have different total decay widths. Even though the calculation of the strong decay * reekingchen@live.cn † Corresponding author: zhangal@staff.shu.edu.cn
FIG. 1:
The decay process of A ⇒ B+C in the 3 P0 model [18] .
of ψ(4040) within the 3 P 0 model has been performed in Ref. [7] , in order to find the difference and have a comparison, it will be interesting to study the strong decays of ψ(4040) and Y (4008) in the 3 P 0 model at the same time.
The paper is organized as follows. After the introduction, the 3 P 0 model is briefly reviewed and possible strong decay channels and decay amplitudes of the ψ(3 3 S 1 ) state are presented in Sec.II. In Sec. III, the numerical results in the 3 P 0 model are obtained. The last section is devoted to a simple discussion and summary. Up to now, many strong decay models have been developed to describe the transition of hadrons to open-flavor final states. The 3 P 0 model [9] [10] [11] was first proposed by Micu [9] , and further developed by Orsay Group [10, 11] . In the model, the created quark-antiquark pair is supposed the vacuum quantum numbers J P C = 0 ++ . Although the intrinsic mechanism and the relation to the Quantum Chromodynamics are not very clear, the model is widely employed to study the OZI-allowed strong decays of a meson into two other mesons, as well as the twobody strong decays of baryons and other hadrons [12] [13] [14] [15] [16] [17] .
A meson decay process A ⇒ B + C is showed in Fig. 1 . In the nonrelativistic limit, the transition operator is written as (2) where i and j denote the color indices for thepair.
The flavor wave function for thepair is ϕ 
is the solid harmonic polynomial corresponding to the pwave quark pair. The dimensionless constant γ indicates the strength of the quark pair creation from the vacuum. Therefore, the helicity amplitude of the process A ⇒ B + C reads as
where
are the total energy of mesons A, B and C. 
Using the Jacob-Wick formula [19] , the helicity amplitude can be transformed into the partial wave amplitude:
The decay width is thus obtained as
where | K| is the momentum of the daughter meson in the initial meson A's center mass frame
With these formula in hand, we proceed with the study of the strong decays of ψ(4040) and Y (4008). Table. I. Accordingly, the decay amplitudes and the detailed decay channels are presented.
For the flavor matrix element ϕ is chosen.
III. NUMERICAL RESULTS
In order to get the numerical results within the 3 P 0 model, several parameters are chosen as follows. The masses of constituent quarks are taken as m u = m d = 0.22 GeV, m s = 0.419 GeV and m c = 1.6 GeV [20] . The masses of relevant charmed mesons [1] are listed in Table. II, where (±) indicates the charged mesons and (0) indicates the charge neutral mesons.
There are other two important parameters in the 3 P 0 model, the strength of quark pair creation γ and the R value in the simple harmonic oscillator (SHO) wave function. For the color saturation, the color matrix element as a constant can be absorbed into the dimensionless constant γ. In our calculation, γ is chosen with γ = 6.3 [20, 21, 23, 24] and the strength of ss pair creation γ ss = γ/ √ 3 [11] . The chosen γ = 6.3 has a factor √ 96π difference with that in Ref. [7] . The R value in the SHO wave function can be obtained from the Schrodinger equation within the potential model [25] .
In general, there are two ways to choose R: a constant around 2 GeV −1 [7, 13, 26] and an effective varying value [17, 23] . In this paper, an effective R is chosen and the suitable region of R is fixed by ψ(4040). At that R, the strong decay widths and relevant ratios of Y (4008) are investigated. Of course, the numerical results depend on R. To learn this dependence, the variation of our results with R are also presented.
A. ψ(4040)
As a commonly believed ψ(3 3 S 1 ), the variation of the decay width of ψ(4040) for different modes with R A is shown in Fig. 2(a) . The variation of the total decay width of ψ(4040) with R A is presented in Fig. 2(b) . From PDG [1] , three horizontal lines in the figure are drawn to indicate the lower, central and upper values of the total width of ψ(4040) (Γ = 0.08 ± 0.01 GeV). R A (corresponding to the initial A meson) is therefore fixed by the three lines at the region 2.65 → 2.82 GeV −1 with the central value 2.74 GeV −1 . At R A = 2.74 GeV −1 , the widths of all possible open-flavor strong decay channels are calculated and given in Table. III. As a comparison, the results in Ref. [7] are also listed. Obviously, the dominant decays of ψ(4040) are DD, D * D and D * D * channels. Unlike the decay widths, the ratios of the decay widths are less sensitive to the uncertainties of the 3 P 0 model. Therefore, some relevant ratios are calculated and presented in Table. IV. The experimental data are those from PDG [1] . Similarly, relevant ratios of Y (4008) are calculated and presented in Table. VI. Unfortunately, there is no such experimental data at present.
Except for

IV. SUMMARY AND DISCUSSION
In this work, the strong decay of the 1 −− ψ(3 3 S 1 ) resonance is studied in the 3 P 0 model. As a commonly believed ψ(3 3 S 1 ), the dominant strong decay of ψ(4040) are DD, D * D and D * D * channels. Accordingly, the decay widths of these channels are calculated. Based on these decay widths, some relevant ratios are obtained. Most of the ratios are consistent with experiments within the experimental uncertainties. Our results for
are different from experimental data which were measured in 1977. Of course, the uncertainties related to the 3 P 0 model are not studied in this paper, which may bring in some uncertainties.
Y ( To have a clear picture of the charmonium spectroscopy, the observed X, Y and Z have to be understood and identified. Unfortunately, people has not a comprehensive understanding of these resonances. Besides, Y (4008) was observed only by the Belle collaboration, and only the total decay width was given. More experiments are required to confirm its existence or not. Especially, the mass uncertainty of Y (4008) has to be deduced if it is confirmed in forthcoming experiment. Only when more decay channels and their branching fractions ratios have been measured, can we understand Y (4008) and ψ(4040). Expt. 0.24 ± 0.05 ± 0.12 0.18 ± 0.14 ± 0.03 32 ± 12 0.95 ± 0.09 ± 0.10 0.05 ± 0.03 our results 0.641 0.018 0.022 0.927 0.625 Ref. [7] 0.003 1 
